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USE OF NITRIC OXIDE DONORS IN MEDICINE 

The present invention relates to the use of nitric oxide 
(NO) donors, in combating restenosis and/or thrombotic 
conditions involving platelets. 

Restenosis; can occur following a number of invasive 
surgical techniques, for example, transplant surgery, 
vein grafting, coronary by-pass grafting, arteriovenous 
anastamosis and most commonly, following angioplasty. 

The mechanism underlying the development of restenosis 
is still unclear. The key process appears to be local 
damage on a vessel wall caused during one of the above 
mentioned invasive surgical techniques. It has been 
suggested that the injury inflicted during angioplasty, 
for example by the use of balloon catheters, wherein 
stenoses are opened up by compressing and/or tearing the 
plaque on the vessel walls, induces a reparative and 
proliferative response which in some cases, becomes 
exuberant enough to encroach on the residual lumen of 
the angioplasty site and produces clinical restenosis 
(Journal of the American College of Cardiology (1987) 2. 
(4), p. 834-848). Alternatives to the balloon catheter, 
such as pulsed lasers and rotary cutters, have been 
developed with a view to reducing or preventing 
restenosis following angioplasty, but have met with 
limited success. 

Restenosis tends to develop over a period ranging from 1 
to 6 months after angioplasty has been performed. It 
usually presents itself as the recurrence of angina-like 
symptoms, a decrease in the threshold for effort angina, 
or acute events (sudden death, myocardial infarction, 
and unstable angina along with the need for bypass 
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surgery) . It is thought to occur in greater than 30% of 
cases and in many patients may be asymptomatic. 

A large number of therapeutic approaches have been used 
in an attempt to modify the restenosis process. These 
include the use of antiplatelet agents, anticoagulants, 
vasodilators , angiotensin- convert ing enzyme inhibitors , 
fish oil and cholesterol - lowering agents, and 
antiproliferative agents. None of the treatments or 
approaches tried to date have been successful in 
preventing restenosis in humans. 

It has now been found that nitric oxide (NO) donors have 
a particular utility as anti - thrombotic agents and in 
the treatment and/or prophylaxis of restenosis in 
mammals. Accordingly the present invention provides the 
use of an NO donor in the manufacture of a medicament 
for combating restenosis and/or thrombotic conditions 
involving platelets. There is further provided a method 
of treatment and/or prophylaxis of restenosis and/or 
thrombotic conditions involving platelets comprising 
administering to a mammal in need thereof an effective 
amount of a NO donor. , ~ .^--"^ l 

NO donors may be used whenever it is desired to inhibit 
platelet aggregation, to reduce the adhesive character 
of platelets, and to treat or prevent the formation of 
thrombi in mammals, including man. For example, they 
may be used in the treatment and prevention of 
myocardial infarcts, in the treatment of peripheral 
vascular disease, to treat and prevent post- operative 
thrombosis, to promote patency of vascular grafts 
following surgery, as additives to blood, blood 
products, blood substitutes, and other fluids which are 
used in extra- corporeal circulation and the fusion of 
isolated body portions, to treat complications of 
arteriosclerosis and conditions such as atherosclerosis, 
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blood clotting defects due to lipemia, as well as other 
clinical conditions in which the underlying etiology is 
associated with lipid imbalance of hyperlipidemia , and 
in the treatment of disseminated intravascular 
coagulation. In particular however, the NO donors are 
of use in the prevention of restenosis following 
transplant surgery, vein grafting, coronary by-pass 
grafting and in particular, following angioplasty. 

By the term "NO donor" is meant any compound which is 
capable of liberating NO in vivo. Whilst any compound 
which is a NO donor can be used according to the present 
invention, a preferred group of compounds are S-nitroso 
compounds of the formula R-SNO wherein R is one or more 
amino acid derived fragments . 

In one aspect, the NO donors of the present invention 
are a group of compounds of formula (I) 



wherein 

n is 0 or 1; X is a C^.g straight or branched alkylene 
chain ; 

p and q are independently 0 or 1 ; Y and Z may be the 
same or different and are each a Cj.^ hydrocarbyl chain 
optionally substituted by one or more groups R"* and R- 
wherein R^ and R^ may be the same or different and are 
selected from hydrogen, C^.^ alkyl or C^.^o aryl ,- 



SNO 



/ 




(I) 
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is hydrogen or a group COR^ , wherein R^CO^H is a 
natural L-amino acid (other than cysteine) and/or the D- 
isomer thereof; 

R2 is OH or a group NR^R\ wherein HNR^R^ is a natural L- 
amino acid (other than cysteine) and/or the D-isomer 
thereof ; 

and salts, esters and amides thereof. 

In a further aspect, the NO donors of the present 
invention are a group of compounds of formula ( lA) 

SNO 

/ 

§ i iL (^'^ 



wherein n, p, q, X, Y and Z are as hereinbefore defined; 

is hydrogen or a group COR^" wherein R^^ is a C^.b 
hydrocarbyl group which is optionally substituted by one 
or two substituents which may be the same or different 
and are selected from OH, COOH, NH^ ; 

R2a is OH or a group NR^^R^* wherein R^^ is a C^.g 
hydrocarbyl group which is optionally substituted by one 
or two substituents which may be the same or different 
and are selected from OH, COOH, NH, or a C^., alkyl group 
optionally substituted by COOH; and R^^ is hydrogen or a 
Ci.e hydrocarbyl group which is optionally substituted by 
one or two substituents which may be the same or 
different and are selected from OH, COOH, NH, or a C^., 
alkyl group optionally substituted by COOH; or R^^ and 
R^^ may be joined to form a 5- or 6- membered 
heterocyclic ring; 
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and salts, esters and amides thereof. 

A particularly preferred NO donor for use according to 
the present invention is S-nitroso-glutathione (GSNO) 
and all salts, esters and amides thereof. 

The NO donors of the present invention may be 
administered before, coincidentally with or at any time 
after invasive surgery, such as angioplasty. It is 
preferred that the administration of the NO donor is 
commenced before or coincidentally with surgery, and 
most preferably before surgery. 

Whilst it may be possible for the NO donors to be 
administered as the raw chemical, it is preferable to 
present them as a pharmaceutical formulation. According 
to a further feature of the present invention we provide 
pharmaceutical formulations for use in the methods of 
the invention comprising at least one NO donor, or a 
pharmaceutical ly acceptable salt, ester or amide 
thereof, together with one or more pharmaceut ically 
acceptable carriers or excipients and optionally one or 
more other therapeutic ingredients. The carrier (s) must 
be "acceptable" in the sense of being compatible with 
the other ingredients of the formulation and not 
deleterious to the recipient thereof . 

The effective amount of active ingredient required is 
from 10 mg/day to 500mg/day, suitably 20mg/day to 
360mg/day, depending on the particular NO donor 
administered. Suitably, sufficient compound is given 
which will liberate BO^mol to Immol of NO/day. 
Pharmaceutical formulations may be presented in unit 
dose forms containing a predetermined amount of active 
ingredient per unit dose. 
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Pharmaceutical formulations may be adapted for 
administration by any appropriate route, for example by 
the oral (including buccal or sublingual), rectal, 
nasal, topical (including buccal, sublingual or 
transdermal) , vaginal or parenteral (including 
subcutaneous, intramuscular, intravenous, intraarterial, 
intracoronary , intraarticular or intradermal) route. 
Such formulations may be prepared by any method known in 
the art of pharmacy, for example by bringing into 
association the active ingredient with the carrier (s) or 
excipient(s) . Most suitably the NO donors are 
administered orally (e.g. sub- lingually ) , topically 

(e.g. by means of a patch) or parenterally (e.g. by 

infusion) . 

Pharmaceutical formulations adapted for oral 
administration may be presented as discrete units such 
as capsules or tablets; powders or granules; solutions 
or suspensions in aqueous or non-aqueous liquids; edible 
foams or whips; or oil-in-water liquid emulsions or 
water-in-oil liquid emulsions. 

Pharmaceutical formulations adapted for transdermal 
administration may be presented as discrete patches 
intended to remain in intimate contact with the 
epidermis of the recipient for a prolonged period of 
time. For example, the active ingredient may be 
delivered from the patch by iontophoresis as generally 
described in Pharmaceutical Research, 3(6), 318 (1986). 

Pharmaceutical formulations adapted for topical 
administration may be formulated as ointments, creams, 
suspensions, lotions, powders, solutions, pastes, gels, 
sprays, aerosols or oils. 

Pharmaceutical formulations adapted for nasal 
administration wherein the carrier is a solid include a 
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coarse powder having a particle size for example in the 
range 20 to 500 microns which is administered in the 
manner in which snuff is taken, i.e. by rapid inhalation 
through the nasal passage from a container of the powder 
held close up to the nose. Suitable formulations 
wherein the carrier is a liquid, for administration as a 
nasal spray or as nasal drops, include aqueous or oil 
solutions of the active ingredient. 

Pharmaceutical formulations adapted for parenteral 
administration include aqueous and non-aqueous sterile 
injection solutions which may contain anti-oxidants , 
buffers, bacterios tat is and solutes which render the 
formulation isotonic with the blood of the intended 
recipient; and aqueous and non-aqueous sterile 
suspensions which may include suspending agents and 
thickening agents . The formulations may be presented in 
unit-dose or multi-dose containers, for example sealed 
ampoules and vials, and may be stored in a freeze-dried 
( lyophilized) condition requiring only the addition of 
the sterile liquid carrier, for example water for 
injections, immediately prior to use. Extemporaneous 
injection solutions and suspensions may be prepared from 
sterile powders, granules and tablets. 

Preferred unit dosage formulations are those containing 
a daily dose or sub-dose, as herein above recited, or an 
appropriate fraction thereof, of an active ingredient. 

It should be understood that in addition to the 
ingredients particularly mentioned above, the 
formulations may include other agents conventional in 
the art having regard to the type of formulation in 
question, for example those suitable for oral 
administration may include flavouring agents. 
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The present invention will now be described by way of 
example only : 



Mpthods 

13 patients were studied undergoing left coronary 
percutaneous transluminal coronary angioplasty (PTCA) 
for stable angina. They were divided into 2 groups, 
with 7 controls and 6 patients who received a continuous 
intracoronary infusion of 40nmol/minute GSNO via the 
guide catheter. This started 10 minutes before PTCA and 
continued for 10 minutes following the procedure. All 
patients received standard premedication of aspirin 
300mg p.o. and buccal glyceryl trinitrate (GTN) 3mg . 
Sodium heparin 20,000 units was given via the femoral 
artery at the start of the procedure. An 8F catheter 
was inserted into the coronary sinus and blood taken 
into a syringe containing anticoagulant (1:9 v:v. 3.15% 
trisodium citrate) before PTCA and for 10 minutes 
following PTCA. Between samples the coronary sinus 
catheter was continuously flushed with heparinised 0,9% 
saline , 



The procedure was standardised, such that baseline 
samples were collected before positioning of the 
angioplasty guide wire and balloon. In the GSNO- treated 
group, a further pre-PTCA sample was taken 10 minutes 
after starting the GSNO infusion. GSNO infusion was 
then continued throughout the PTCA procedure and for 10 
minutes afterwards. Timing following PTCA started at 
the end of the final inflation, at which point the 
balloon was withdrawn. No contrast medium was injected 
after the first inflation until the final collection at 
10 minutes. Blood pressure was monitored via the guide 
catheter . 
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The blood samples were incubated with fluorescein 
isothiocyanate (FITC) -labelled anti-human P-selectin 
(Immunotech) or GPIIla (Dako) monoclonal antibodies (1), 
with an isotype-matched non-specific FITC- conjugated 
mouse IgG (Dako) as a negative control. Samples were 
analysed in duplicate using a FACScan (Becton Dickinson) 
flow cytometer calibrated daily with fluorescent 
microbead standards {Becton Dickinson) . The platelet 
population was identified on the basis of size and 
granularity of cells, and specific binding of P-selectin 
and GPIIIa (part of the GPIIb/IIIa complex) were 
measured (figure 1) . P-selectin is only expressed 
following platelet activation with alpha granule 
secretion. Antibody binding was therefore measure, 
after subtracting non-specific fluorescence, as the 
percentage of platelets positive for the P-selectin 
antibody. In contrast, all platelets express 
GPIIb/IIIa. In addition, GPIIb/IIIa is present on the 
surface-connected canalicular system and the number of 
receptors expressed increases with platelet activation. 
Therefore GPIIb/IIIa antibody binding was measured as 
the relative change in fluorescence intensity per 
platelet (figure 2) . 

Results are expressed as mean ± SEM. Statistical 
differences were determined using the Wilcoxon test for 
paired data and the Mann-Whitney U test for unpaired 
data and p<0.05 was taken as statistically significant. 



The two groups of patients were closely matched. All 
angioplasties were performed on lesions with at least 
70% stenosis. Angiography at the end of the study 
confirmed successful PTCA in all cases, defined as less 
than 50% residual stenosis with at least a 20% reduction 
in the original stenosis . 
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In the control group, platelet expression of P-selectin 
and GPIIb/IIIa increased following PTCA, with a peak at 
5 minutes after the procedure (baseline: P-selectin was 
expressed by 1.6±0,2% of platelets, GPIIb/IIIa relative 
fluorescence 3.2+0.4 arbitrary units; 5 minutes post- 
PCTA: P-selectin 4.7±1.1%, GPIIb/IIIa 4.0±0.3, p=0-036 
for each compared with baseline) . A 10 minute 
intracoronary infusion of GSNO immediately prior to PTCA 
caused no change in blood pressure (baseline : 135±15/67±6 
mmHg; after 10 minutes infusion of GSNO: 132±16/65±7 
miuHg. In the GSNO-treated group, P-selectin expression 
fell during GSNO infusion, with no increase following 
PTCA (baseline: 1.8±0.6%; pre-PTCA after 10 minute 
infusion of GSNO: 1.1±0.4%, p<0,05 compared with 
baseline; 5 minutes post PTCA: 0.7±0.1%, p<0.05 compared 
with baseline, p=0.0034 compared with change in control 
group) (figure 1) . GPIIb/IIIa expression, although not 
significantly reduced during GSNO infusion, did not 
increase following PTCA (baseline 3.4±0.8; 5 minutes 
post PTCA: 3.3±0.9, p=NS compared with baseline, p=0.026 
compared with change in control group) . 



Pi scussion 

A time-dependent increase in platelet P-selectin and 
GPIIb/IIIa expression following PTCA has been 
demonstrated. This was maximal 5 minutes after PTCA, 
with an increase in P-selectin still detectable at 10 
minutes. A previous study suggested that an increase in 
P-selectin expression was found only in association with 
angiographically-suspected dissection of the coronary 
artery (2). The present study shows a rise in P- 
selectin in all cases, regardless or angiographic 
evidence of coronary dissection. Our findings show that 
PTCA is always accompanied by platelet activation, which 
is not prevented even in the presence of standard anti- 
thrombotic therapy with aspirin, glyceryl trinitrate 
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(GTN) and heparin. 

We have supplemented endogenous NO by infusing GSNO 
during PTCA and have shown that platelet activation, 
occurring in the presence of conventional anti-platelet 
treatment; was prevented by infusion of this NO donor. 
Moreover, inhibition of platelet activation occurred at 
a dose of GSNO that had no effect on blood pressure. 
Clinically-used nitrates, which release relatively 
little NO to platelets (3), have a predominantly 
vasodilator effect and cause hypotension at doses 
required for platelet inhibition (4-6) . S- 
nitrosoglutathione , by comparison, has a more potent 
anti -platelet action with a relatively weak vasodilator 
effect . 

The results, showing that GSNO is a potent and effective 
inhibitor of PTCA- induced platelet activation, have 
important clinical implications since currently-used 
anti-platelet treatments are not satisfactory. Indeed 
although anti -platelet treatment with aspirin during 
PTCA reduces thrombus foirmation it does not completely 
prevent it (7) . Aspirin is also ineffective in 
preventing restenosis (8) . Similarly prostacyclin, 
which has a potent ant i - aggregatory effect but only 
inhibits platelet adhesion at much higher doses (9), 
does not inhibit platelet activation or reduce the rate 
of restenosis following PTCA (10) . Thus GSNO and/or 
GSNO- like compounds, which enable the effects of NO to 
be targeted, may represent an important new line of 
therapy for prevention of acute vessel closure and 
restenosis after PTCA. 



wo 96/16645 



PCT/GB95/02745 



- 12 - 

REFERENCES 

1. Cahill MR, Macey MG, Newland AC. Fixation with 
formaldehyde induces expression of activation 
dependent platelet membrane glycoproteins P- 
selectin (CD62) and GP53 (CD63) . Br J Haematol 
1993; 84:527-9. 

2. Scharf RE, Tomer A, Marzec UM, Teirstein PS, 
Ruggeri ZM, Harker LA. Activation of platelets in 
blood perfusing angioplasty-damaged coronary 
arteries. Flow cytometric detection. Arterioscler 
and Thromb 1992; 12: 1475-87. 

3. Gerzer R, Karenbrock Seiss W, Heim J-H. Direct 
comparison of the effect of nitroprusside , SIN-1 
and various nitrates on platelet aggregation and 
soluble guanylate cyclase activity. Thromb Res 
1988; 52 :11-21. 

4. Lam JYT, Chesebro JH, Fuster V. Platelets, 
vasoconstriction and nitroglycerin during arterial 
wall injury: a new ant i - thrombotic role for an old 
drug. Circulation 1988; 78:712-6. 

5. Groves PH, Lewis MJ, Cheadle HA, Penny W J . SIN-1 
reduces platelet adhesion and platelet thrombus 
formation in a porcine model of ballon angioplasty. 
Circulation 1993; 87:590-7. 

6. Fitzgerald DJ, Roy L, Robertson RM, Fitzgerald. 
The effects of organic nitrates on prostacyclin 
biosynthesis and platelet function in humans. 
Circulation 1984; 70:297-302. 



wo 96/16645 



PCT/GB95/02745 



- 13 - 

7. de Feyter PJ, van den Brand M, Jaarman G J , van 
Domburg R, Serruys PW, Suryapranata H. Acute 
coronary artery occlusion during and after 
percutaneous transluminal coronary angioplasty: 
frequency, prediction, clinical course, management 
and follow-up. Circulation 1991;83:927-36. 

8. Schwarz L, Bourassa MG , Lesperance J, et al . 
Aspirin and dipyridamole in the prevention of 
restenosis after percutaneous transluminal coronary 
angioplasty. N Engl J Med 1988; 318: 1714-9. 

9. Higgs EA, Moncada S, Vane JR, Caen JP, Michel H, 
Tobelem G. Effect of prostacyclin (PGI2) on 
platelet adhesion to rabbit arterial 
subendothelium. Prostaglandins 1978; 16:17-22. 

10. Gershlick AH, Spriggins D, Davies SW et . al . 
Failure of epoprostenol (Prostacyclin PCI2) to 
inhibit platelet aggregation and to prevent 
restenosis after coronary angioplasty: results of 
a randomised placebo controlled trial. Br Heart J 
1994 ; 71 :7-15 . 



wo 96/16645 



PCT/GB95/02745 



- 14 - 



1. The use of a nitric oxide (NO) donor in the 
manufacture of a medicament for combating restenosis 
and/or thrombotic conditions involving platelets. 

2 . The use of a NO donor in the manufacture of a 
medicament for the treatment and/or prevention of 
restenosis . 

3 . The use of an NO donor in the manufacture of a 
medicament for the treatment and/or prophylaxis of 
thrombotic conditions involving platelets. 



4 . The use according to any of the preceding claims 
wherein the NO donor is a S-nitroso compound of the 
formula R-SNO wherein R is one or more amino acid 
derived fragments. 



5 . The use according to any one of claims 1 to 3 
wherein the NO donor is a compound of the formula (1) 

» SNO X 

H P«§ 

■Di-^^.Y^r7^'^p^ (I) 

wherein 



n is 0 or 1; X is a C^.g straight or branched alkylene 
chain ; 



p and q are independently 0 or 1; Y and Z may be the 
same or different and are each a C^.^ hydrocarbyl chai 
optionally substituted by one or more groups R'' and R^ 
wherein R"* and R^ may be the same or different and are 
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selected from hydrogen, C^.^ alkyl or C^.^o aryl ; 

is hydrogen or a group COR^, wherein R^CONH^ is a 
natural L-amino acid (other than cysteine) and/or the D- 
isomer thereof; 

R2 is OH or a group NR^R^, wherein HNR^R"^ is a natural L- 
amino acid (other than cysteine) and/or the D- isomer 
thereof ; 

or a salt, ester or amide thereof. 

6 . The use according to any one of claims 1 to 3 
wherein the NO donor is a compound of formula (lA) 



wherein n, p, q, X, Y and Z are as defined in claim 5; 

R^^ is hydrogen or a group COR^* wherein R^^ is a C^^q 
hydrocarbyl group which is optionally subs.tituted by one 
or two substituents which may be the same or different 
and are selected from OH, COOH, NH2 ; 

R^^ is OH or a group NR^^R"^^ wherein R^^ is a C^.q 
hydrocarbyl group which is optionally substituted by one 
or two substituents which may be the same or different 
and are selected from OH, COOH, NH2 or a Ci_4 alkyl group 
optionally substituted by COOH; and R*^^ is hydrogen or a 
Ci^e hydrocarbyl group which is optionally substituted by 
one or two substituents which may be the same or 
different and are selected from OH, COOH, NH2 or a C^.^ 
alkyl group optionally substituted by COOH; or R^^ and 



SNO 



/ 
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R^^ may be joined to form a 5- or 6- membered 
heterocyclic ring,- 

or a salt, ester or amide thereof . 

7 The use according to any of the preceding claims 
wherein the NO donor is S-nitroso-glutathione (GSNO) or 
all salts, esters and amides thereof. 

8. A method of combating restenosis and/or thrombotic 
conditions involving platelets comprising administering 
to a mammal in need thereof an effective amount of a NO 
donor . 

9. A method of treatment and/or prevention of 
restenosis comprising administering to a mammal in need 
thereof an effective amount of a NO donor. 

10. A method of treatment and/or propylaxis of 
thrombotic conditions involving platelets comprising 
administering to a mammal in need thereof an effective 
amount of a NO donor . 

11. A method as claimed in any of claims 8 to 10 
wherein the NO donor is as defined in any of claims 4 to 
7 . 

12. A composition comprising a NO donor as defined in 
any of claims 4 to 7 together with a pharmaceutical ly 
acceptable carrier or excipient for use in combating 
restenosis and/or thrombotic conditions involving 
platelets . 
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